Arab countries understand the importance of the Internet of things for the development of society. This entails many efforts to conduct research related to the Internet of things in the Arab countries. Analysing contributions of researchers to the Internet of things research could be useful to go further in this filed. In this study, bibliometric techniques are used to investigate publications indexed in the Scopus database with the affiliation to the Arab countries. The paper used research outputs of Arab nations as quantitative measure, while it also used citation rates and citation scores for qualitative measure. Data analysis focuses on the growth in the Internet of things research, types of publication, core journals, subject and keyword analysis, top productive authors, top productive institutes and countries, and collaborative countries with the Arab countries. Findings of the study highlighted the differences among the Arab group countries with regard to IoT research. In addition, the Arab nations appeared performing better in IoT research than the environmental and medical research.
InTROduCTIOn
The concept of the Internet of Things (IoT) is to somewhat a novel paradigm that is rapidly becoming interesting in modern wireless telecommunications. The term refers to the pervasive presence of a variety of things or objects through a unique addressing schemes to interact with each other and cooperate with their neighbours to reach common goals 1 . IoT has the ability of connecting people at any time and place to anything. It links real life and physical activities with the virtual world 2, 3 . The IoT consists of objects, sensor devices, communication infrastructure, computational and processing unit that may be placed on cloud, used for decision making and action invoking system 2, 4 .
IoT represents the next step towards moving to the digital society and economy, where objects and people are interconnected through communication networks and report about their status and the surrounding environment 5 . According to the International Telecommunication Union (ITU), IoT can be perceived as a vision with technological and societal implications. It is a global infrastructure for the information society, enabling advanced services by interconnecting things based on existing and evolving interoperable information and communication technologies. Through the exploitation of identification, data capture, processing and communication capabilities, the IoT makes full use of "things" to offer services to all kinds of applications, whilst ensuring that security and privacy requirements are fulfilled 6 .
Many government and non-government organisations are heavily investing in IoT projects, infrastructures, and facilities to boost their services, business, and knowledge management. Based on a report by i-SCOOP 7 , IoT investment will increase from USD800 billion in 2017 to nearly 1.4 Trillion in 2021. This reflects importance of IoT in the world therefore, Arab countries particularly the Gulf countries are investing a lot in this technology. The UAE is among the top leading countries of the Arab nations in relation to innovations and transformations 3, 8 . For instance, Dubai has already introduced the smart city approach with the provision of smart services and has been announced to transfer the present Dubai as Smart Dubai 3 Arab countries are aware of the importance of the Internet of things for the development of society. This entails many efforts to conduct research related to the Internet of things in Arab countries. Analysing contributions of researchers to the Internet of things research could be useful to go further in this field. This study is intended to investigate and analyse IoT research in the Arab world based on the research contributions indexed in the Scopus database from 2010 to 2017. Therefore, it is interesting to find out all the contributions of Arab countries to IoT research. To the best of our knowledge, this is the first bibliometric study on IoT in the Arab world. Findings of study would provide an overall progress on IoT research and progress done during 2010-2017 in the Arab world.
OBjeCTIveS
This study intends to investigate and analyse IoT research publications in the Arab countries indexed in the Scopus database from 2010 to 2017. The paper intends to achieve the following objectives:
To find out the research productivity output on IoT To discover the most productive institutions in IoT • research in the Arab countries.
MeThOdOlOgy
For this study, the researchers collected data in December 2018 from the Scopus database. In order to retrieve relevant bibliographic data form the database, we used the term "Internet of things" to search various fields including title, abstract, and keyword. This was followed by limiting the retrieved documents to the Arab countries. The search strategy matched with 1174 documents containing the term "Internet of Things" for the Arab countries. The Scopus database classifies the publications of IoT research into five categories of publications including books, book series, journals, conference proceedings, and trade publications. The retrieved documents were processed in Microsoft Excel to identify the characteristics of publications, growth pattern, subject categories, institutional productivity, author productivity and collaboration. The researchers looked into this case of counting with the help of microsoft excel to determine the frequencies, percentages, and averages.
As presented in Table 1 , conference proceedings are on the top of the list with 753 documents appeared in 160 proceeding, followed by journal articles with 303 document appeared in 130 journal. The book series occupied the third position with 94 documents appeared in 12 book series, followed by books with 23 document appeared in 16 book, and 354 document appeared in the same number of trade publications. In this regard, all the retrieved documents were further divided into seven types of documents. The top three document type are conference papers (840/71.55 %), followed by journal articles (271/23.0s8 %), and book chapters (26/2.21 %). Figure 2 illustrates the growth of research productivity of IoT research in the Arab world and provides comparison with global research output. On the other hand, results of the study indicate collaboration in IoT research between Arab nations and some of the world leading countries. The findings indicate that the majority of IoT researchers in Arab countries collaborated with researchers from France (121/10.30 %), the USA (87/7.41 %), and UK (25/2.12 %). However, the interaction between the scientists in the Arab countries is found in between Egypt and KSA, Oman and UAE, and Bahrain and UAE.
FIndIngS 4.1 Research Productivity of Arab Countries on IoT Research

Top Ten Most Productive Academic Institutions from 2010-2017
The analysis indicates that 95 academic institutions in the Arab countries produced 1174 documents. The top ten most productive academic institutions in IoT research have contributed 434 publication, occupying 36.96 per cent of total documents produced by 95 academic institutions in the Arab world. The retrieved documents include single and multiple author papers. Three of these top ten academic intuitions are from Tunisia, two each from KSA and UAE, and one from each of the remaining countries. The three most productive academic institutions are King Saud University (KSA) with 108 
Seven Most Productive Authors on IoT in the Arab Countries, 2010-2017
The retrieved documents were analysed to determine the names of the authors and their contributors. A total of 160 unique authors contributed to IoT research in the Arab world. This indicates an average of 7.33 papers produced by a single author on IoT research in the Arab world from 2010-2017. Furthermore, of the 160 unique authors identified, seven authors were considered as top contributors produced 8 to 15 paper of IoT research from 2010 -2017. As presented in Table 5 , three of the top seven authors are from Tunisia, two from each Jordan, KSA, UAE, and Algeria, and one from each Egypt, Morocco, and Qatar. Moreover, two of the five most productive authors are from Jordan University of Science and Technology, and one from each King Saud University (KSA), Center of Excellence in Information Assurance (Algeria), and Qatar University (Qatar). Similarly, the number of citations received for the documents published by the top seven author indicates that Jararweh, from Jordan University of Science and Technology, leads all the authors with 177 citation for 15 papers. He is followed by Khan from King Saud University with 171 citations for 12 document, and Al-Ayyoub from Jordan University of Science and Technology with 150 citation for 13 document.
Ten Core journals in IoT
based on their 2017 performance report As listed in Table 1 , all the IoT documents are published in conference proceedings, journals, books, book series, and trade publications. Based on the number of documents published, journals are in the second position after conference proceedings with a total of 303 document published in 130 journals. Table 5 presents the leading 18 journal published IoT research documents affiliated to the Arab countries from 2010 to 2017. With the use of journal performance report in 2017, the IEEE Access journal tops the list with 34 document, followed by the journal of Table 6 contains subject area frequencies related to IoT documents indexed in the Scopus database. Based on the Scopus outputs, computer science occupied the highest subject areas for IoT documents (50.92 %), followed by engineering (20.98 %), and Mathematics (7.06 %). In addition to the subject areas, Scopus uses at least 160 keywords for indexing IoT documents. The keywords appeared 6645 times with 1174 IoT documents affiliated to the Arab countries. Figure 3 illustrates the top 12 keyword indexed in the Scopus database. According to the findings, the keyword "Internet of Things" tops the list with 24.58%, followed by the "Internet" (4 %), and "cloud computing" (2.70 %).
Subject and Keyword Frequencies
dISCuSSIOnS
The main objective of this study was to investigate and analyse IoT research productivity in the Arab world based on the literature indexed in Scopus database. The paper has reported the research productivity output on IoT in the Arab countries, their institutions, and contributors. Findings of the study showed that IoT research productivity has grown rapidly in the Arab world from 2010 to 2017. As noticed, the researchers from the Arab world had started IoT research in 2010, since then their productivity has gone up and reached up to 600 documents in 2017. In fact, the productivity on IoT has significantly increased in the last three years, i.e. in 2015, 2016, and 2017 which contributes to 90.88 per cent of the total outputs by the researchers in the Arab countries.
Overall, 3.94 per cent of Arab world's contribution to IoT research in the global level not surprising. According to UNESCO report, the researchers in the Arab world do not publish in refereed journals listed by the Web of Science or Scopus, and many Arab universities are not considered as research universities 13 . However, the findings of this study confirmed that the Arab world contributions to IoT research is higher than that of their contributions to the environmental and medical research 14, 15 but lower than their contributions to leishmaniasis research 16 . A report by Wasim Maziak 14 found that Arab countries contributed to less than 0.5 per cent of the papers appeared in 200 leading medical journals. Similarly, a research by Zyoud 15 and his colleagues found that Arab world contributed to 1.25 per cent of world productivity in environmental research, while Al Jabi 16 reported 5.65 per cent of Arab contributions to leishmaniansis research at the global level.
As reported by similar studies [15] [16] [17] , findings of the study indicated different patterns of IoT research productivity in the Arab world. The large number of IoT publications is from Saudi Arabia, followed by UAE, and Tunisia. In addition, results of the study indicated that the majority of IoT researchers in the Arab world collaborated not only with other researchers within the Arab countries but also with researchers from around the world such as France, the USA, and UK. The results are in line with the previous studies [18] [19] [20] . Similarly, authors of the top ten universities demonstrated having 95 per cent collaborations with other scholars and scientists with locally and internationally. Certainly, this kind of collaboration would have positive impact on the quantity and quality of IoT research in the Arab world.
The results of study identified 95 academic institutions in the Arab countries contributed to IoT research. This number is not significant as it represents only 33. The results of the study found that IEEE society's dominates the publication of IoT documents. The IEEE society took the first and third positions with regard to the number of papers published, and in the number of citations received. Similarly, for the citation scores IEEE publications occupied the first three positions of the top 20 journal. The publications are IEEE Communications Surveys and Tutorials, followed by IEEE Communications Magazine, and IEEE Internet of Things Journal. Off course, IEEE is one the leading publishers in the world being top professional society and non-profit body bringing out a wide range of quality publications, helps in the exchange of technical knowledge and information among technology professionals (IEEE, 2018). Therefore, researchers and scholars of the Arab world should aim to publish in IEEE publications for getting proper recognition and worldwide visibility.
Findings of the study identified "computer science" as the largely accepted subject area for IoT researcher look into, followed by engineering, and Mathematics. In addition to these subject areas, Scopus uses at least 160 keyword for indexing IoT documents. The keywords appeared 6,645 times in 1,174 IoT documents affiliated to the Arab countries. According to the findings, the keyword "Internet of Things" top the list, followed by the "Internet", and "cloud computing" (2.70 %). This indicates that these are the three keywords to be used in indexing and identifying IoT literature in online databases and particularly Scopus database.
COnCluSIOnS
IoT research productivity witnessed a significant growth in the Arab world in 2015, 2016, and 2017, and the level of productivity reached 3.94 per cent as compared to global productivity level during this period. However, that is better than their contribution to environmental and medical research. Although the achievements of the Arab world in IoT research are not dreadful, there is a need to enhance research productivity in this area. This can be done through more research projects, collaboration and networking between academic institutions in the Arab region along with their counterparts from the world. With an increasing interest in smart services and artificial intelligence, Arab governments as well as the stakeholders and decision makers of academic institutions are encouraging the researchers and providing all kinds of support for doing IoT research so that intellectual productivity and developments would takes place in the Arab world. 
